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CONFIDENTIAL
Research {rder #2

Phase I - Progress Report 45 7 sSeytember 1954

OBJECTIVE:

To develop a transistorized receiver in the frequency range 5-7 mc,
with a sengitivity of 36-60 uv/m and total input power of 60 milliwatis or less.

PATA - GENERALL

The use of junction transistors as local oscillators and mixers wad
invectigated, suitable circuiis were develoged, and a breadboard layout of &
com:plete receiver was constructed. "

DATA - DETAILED:

Various types of oscillator circuits were tested using both crystal and
LC resonant elements. Of the several transistors immediately availabie,
a type CK721 was chosen for the first investigations. No limitation
was placed on input power since the initial aim was to determine the maxi-
mum stable operating frequency. Using a Colpiits circuit (Figure 5) and a
45-volt center tapped baitery, three different CK721 transistors were iried
with the following results:

Transistor A 2.95 me/s
Transistor B 2.2 mc/s
Transistor C 2.0 mo/s.

Since 45 volts is higher than would be uesirable for equipmeni of this nature,
further invesiigations were made but wiih a battery voliage limited to ¥ volts.
Again a Colpitts circuit was emgloyed, yielding a maximum frequency of
1.78 me/s. Several otker circuits simiiar to those used in broadcast
transistor receivers developed by

were also tried; however the maximum frequency obtained was
orly 1.2 mc/s.

During this period we were able to obiain two CKT762 transisiors.

These were used in a Colyitts circuit similar to that usec wit the CK721.
‘This combination resulted in stable operation of irequencies a8 high as

12.8 mc/s. The crystal oscillator circuit shows in Figure 14 in coabination
with a CK762 gave good resuits at 6.4 mc/s.

Jimultaneous with the above, work was done with regurd to tiie use of
transistors as mixers and as detectors.

Information from ouiside sources claimed greater conversion gain at
broadcast frequencies than at intermediate frequencies with the resuit
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that double conversion was considered. Tests made using a CKTod az a
mixer resulted in slightly less gain as a mixer than as an amplifier. These
tests were later confirmed by outside sources working on broadcast receiver
development. As a result the double conversion was abandorned.

To keep oscillator radiation through the antenna to a minimum it was
decided to inject the oscillator on any element other than the input.

4 Tetrode type RDX302 was tried as an i-f amplifier and as a mixer.
The gain as an ampiifier exceeded that of the CKT762 by greater than 6 db, -,
feeding signal into the ewiiter as recommended by the manufacturer. How- o
ever, using oscillator injection on either base resulted in 10 db less ¢
conversion gain. Conversion gain approximating that of ithe CK762 could be
obtained by injecting both signal and local oscillator into the emitter. Since
this was not an improvement and would result in increased oscillator
radiation, the terode was abandoned as a mixer ai these frequencies. 4ll
mixer tests were conducted at approximately 5. 45 mec.

Bage injection of the oscillator was chosen since the necessary
osciliator voltage is approximately 1/3 thai of emitter injection for similar
conversion gains. The final circuitry resuited ia conversion gams of 15 db
to 18 db. ‘

7o achieve an input frequency range of 5-7 mc, advantage is taken of
the oscillator being above or below the desired signal, and the os:illator
range is now 4.755 mc to 0.745 tac enabling reception of 4.3-7.2 me.

The second detector circuits shown in Figure .. and Figure b were
investigated with regard to output, current requirements, simglicity and
transistor interchangeability. In all cases the ingui signal was 455 kc/s
with 1630 eps - 30% modulation,

The secondary of the output transformer wag loaded with a 1600-ohm
resistor to simulate the following stage, and the output measuren ents taken
across this load.

Using a CK721 connected grounded base (Figure A), approximately
4 times the output was obtained as compared to the grounded emitter connection
shown in Figure B. The inpui signal was the same in both cases. The
current requirements for the grounded base connection however, was about
4 timzos that of the grounded emitter connection. The grounded base
connection also requires a greater number of components and a tapped power
source.

When changing transistors, R, had to be readjusted to obiain maximum
power output. The grounded emitte} connection exhibited good ctability
of output and curreut requirements with various transistors. The circuits
shown in Figures /A and B were both iested with a CRK750 and a CKT62
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transistor. The circuit of Figure P showed the greatest improvei:ent of
the two, with no agpreciable increase in current requirements. Utilizing
the above results, an essentially complete receiver was constructed and
tested. The oscillator circuit was .hosen since it resulted in constant
outpu: over a wide range of frequencies. The circuit of Figure B was
gelected for the detector because of its simplicity, low gower reguirements,
and stable characteristics without the use of selected transistora.

™
\\'ﬂ.‘:&w
f@;\ﬁ\ - ~- The-receiver is a superheterodyne, iunable from 5 mc/s to 7 me/s,
Logt | with @ mixer, locai oscillator, two stage i-f amplifier at 455 kc, second
W n}w}‘éj detector and one audio stage. Six transistors are used as follows:
I\,\/@x-
PX ~ Mixer Ty.e 760 25X1
* y\! Uscillator Type 762
‘0 1-f Amplifiers Tyge 760
;_J‘} j Power Letector Tyge 762
/, o@’ Audio Type 721
'l

I-f stage gainz of 33 db were obtained with commerciaily available i-f trans-
formers (4Automatic Mfg. Corp. #E£X0 3015). Mixer conversion gain is

. approximately 15 db. Audio output with 5-volt sugply is approximately G. & mw.
‘Potal current drain from 5-volt supply is 2. i ma,

Sengitivity rueasured at mixer input (base - 50-ohm source) is 4 uv
for rated audio output (signal modulated 307% at 1990 ~ ). With an 8-iuch
ferrite loopstick resonant at § mc, a seasitivity of 30 mv/m was measured,

Limited field tests of ihis receiver with the loop transmitier described
in Report #4 gave adequate vignal at 0.5 mile range, corresgonding to a
ficld strength of 11-15 uv/m.

aAutomatic gain control was tried on this receiver, but could not be
developed satisfactorily in time for this report. A simgple r-f gain control
is used in the emitter of the 1st i-f ampiifier, giving about 4¢ ab range.

Considerable work was done with audio tyée juniction transistors at
100 ke/» as self-excited and crystal controlled oscillators in an attempt to
determine maximum power output and efficiency without a frequency liuitation.
Various combinations of single ended and push-~pull osciliators, and push-
pull, class C final amplifiers were iried.

Best results were obtained with a singie ended self-excited oscillator
using a CK721 with a 6-volt sugply. Power output was 50 mw at §7%
efficiency.

Somewhat similar performance hags been obtained with tyye CK702

transistors, at 5 mc to date. Work iz continuing to determine opticvum
f\ circuitry. It has been suggested {wo type CK762 iransistors in a push-puil,
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class C oscillator are capable of 250 mw input and 60% efficiency at 5 mc.

CONCLUSIONS:

It is felt that a satisfactory basic receiver design has been achieved.
The addition of AGC and stabilization for temperature and battery voltage
remain to be done.

&inece the receiver performance is better than expected and can be
further improved, the transmitter problem is simglified to the extent that
the required carrier yower is much reduced, and can be obtained from
existing transistors, with the powerful advantages of common battery
operation.

WCHE PROGRAM FCOR NEXT INTERVAL:

Completion of recaiver circuitry, determination of transistor limita-
tions as r-f power generators at 5 mc, field comparizong of Ferrite loop-
stick antennas and air loops on existing receiver are part of the work prograin
for the next interval.

Regort preparcd by

Report approved by
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e Signal f'x{equeﬁéy' 5MC [
IF frequency 455KC - O ‘%\
- Output Impedance "1000-~

. IF Bandwidth .
4.36 KCat6dbdown - -

“at 455KC .5Vout 4.6uvin
at 5MC-.5Vout 5, uvin .
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